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Purpose: Psoriasis is a chronic, multi-system skin disease that can be influenced by immunological, environmental, and genetic
factors. Plasma metabolomic analysis can provide a great deal of information on potential diagnostic biomarkers, pathogenesis and
personalized treatment. However, the role of metabolites in psoriasis is unknown.

Patients and Methods: We performed an untargeted metabolomic analysis of plasma based on high-resolution liquid chromato-
graphy mass spectrometry from 10 plaque psoriasis patients and 10 healthy controls.

Results: A total of 301 differential metabolites were detected, of which 10 metabolites were possible potential biomarkers, including
vitamins, amino acids, and lipids. At the same time, KEGG pathway enrichment analysis was performed for all detected differential
metabolites, and it was found that protein digestion and absorption, amino acid metabolism and lipid metabolism may be jointly
involved in regulating the pathogenesis of psoriasis. In addition, the proteins ESR1, OPRM1 and HSD11B1 were identified as possible
potential topical therapeutic targets for psoriasis through analysis of the metabolite-protein interaction network.

Conclusion: In this study, we identified 10 differential metabolites as possible potential combinatorial biomarkers for the diagnosis of
psoriasis. 12 metabolic pathways were significantly enriched that may be closely related to the occurrence and development of
psoriasis. Three proteins, ESR1, OPRM1, and HSD11B1, were identified as possible potential therapeutic targets for psoriasis.
Keywords: psoriasis, metabolomics, biomarker, KEGG pathway, therapeutic target

Introduction

Psoriasis is a non-infectious, chronic, systemic inflammatory skin disease that can manifest at any age and significantly
impact the quality of life (QoL) of patients.'* According to the World Health Organization (WHO), at least 100 million
people worldwide suffered from psoriasis in 2016.%> According to the clinical manifestations of psoriasis, five types of
psoriasis are distinguished, namely plaque psoriasis (also known as psoriasis vulgaris, which accounts for about 90% of
all cases), erythrodermic psoriasis, pustular psoriasis or generalized pustular psoriasis, guttate or eruptive psoriasis and
inverse psoriasis.” Psoriasis significantly affects the appearance of a patient’s skin and results in a risk for psychiatric
comorbidity and suicide.’

Currently, the clinical diagnosis of psoriasis vulgaris mainly includes clinical symptoms, localization and histopatho-
logic changes, and lesion characteristics. However, a reliable diagnosis requires a comprehensive evaluation to avoid
misdiagnosis and unnecessary treatment. The diagnosis of psoriasis remains a huge challenge due to the non-specific
symptoms and lack of diagnostic biomarkers.” Early studies found that patients with psoriasis often have metabolic
abnormalities or disorders, including fatty acids, vitamins, carbohydrates, lipids, and so on.*° Therefore, metabolites can
be used as biomarkers for the diagnosis of psoriasis and provide a direction for further research into the pathogenesis of
psoriasis and safe and effective individualized treatments.
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Undoubtedly, the understanding of the immunologic, genetic, and molecular aspects of psoriasis has contributed
significantly to the identification of novel drugs, new targets, and holistic approaches in recent decades, leading to the
development of increasingly personalized therapeutic targets such as cytokines (tumor necrosis factor [TNF], interleukins
[IL] 12/23, 17, and 23) and personalized treatment drugs such as biologics, JAK /TYK inhibitors, and phosphodiesterase-
4 (PDE-4) inhibitors.'® "> However, their clinical manifestations still need to be defined and evaluated, so there is still
a long way to go before achieving the dream goal of personalized treatment for this disease.'':'? Therefore, it is also
imperative to continue to search for new targets that target the characteristics of various psoriasis subtypes.

Metabolomics is a new “omics” discipline that has evolved in recent years into a comprehensive and systematic study of
metabolic changes in organisms.'*>”'> The discovery and identification of small molecule metabolites or alterations in
metabolic pathways are also beneficial for understanding the pathophysiological processes of diseases and aiding in the
identification of therapeutic targets.'> In recent years, metabolomics research has shown that amino acid metabolism, lipid
metabolism, carnitine metabolism, and glycolysis play important roles in psoriasis,'® >° providing valuable perspectives for
early diagnosis, disease progression monitoring and targeted therapy of diseases. Although some progress has been made in
understanding the complex pathogenesis and in discovering biomarkers for psoriasis. However, despite this progress, further
research is needed in some areas, such as diagnostic biomarkers, pathogenesis and targeted therapies.

In this research, we used untargeted metabolomics to detect changes in plasma metabolites in psoriasis based on ultra-
high performance liquid chromatography-quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF/MS), to discover
the potential biomarkers for distinguishing psoriasis patients from healthy individuals, and to perform the related Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway analysis and metabolite-protein interaction network analysis.
This will be helpful for the early diagnosis of psoriasis and provide some reference values for understanding the
pathogenesis of the disease and formulating an individualized therapeutic target plan.

Materials and Methods
Materials and methods are detailed in Supplementary Appendix S1.

Briefly, first, the study was approved by the Medical Ethics Committee of the North China Medical and Health Group
Xingtai General Hospital (No. ZCKT-2021-0011) and conducted in accordance with the guidelines of the Declaration of
Helsinki, and plasma samples were collected from 20 participants after informed consent. Second, an untargeted

metabolome based on UPLC-Q-TOF/MS was performed to investigate the changes of metabolites and metabolic
pathways in plasma samples of psoriasis. Finally, biomarker analysis and interaction analysis were performed for
biomarkers and drug targets. (Table 1)

Results

Metabolomic Profile of Plasma Samples from Psoriasis and Healthy Groups

A total of 7597 and 6042 features were detected in positive and negative modes, respectively. As can be seen from the
negative and positive TIC overlay charts (Figure 1A and B) of all QC samples, these QC samples completely overlapped
without significant retention time and intensity drift, indicating good signal consistency throughout the data acquisition
process. In addition, the principal component analysis (PCA) results (Figure 1C and D) showed that the pooled QC

Table | Clinical Characteristics of Participants

Psoriasis Group (N=10) | Control Group (N=10) | p-value (N=20)
Gender (male/female) 5/5 6/4 0.527%
Age (mean % SD, years) 31.6 £9.16 35.2 + 12.54 0.473°
BMI (kg/m?) 20.96 + 2.04 22.48 £ 1.96 0.106°
Disease duration (mean * SD, years) 9.52 £ 524 - -
BSA (mean % SD, %) 20.4 £ 3.99% - -
PASI (mean + SD) 9.95 £ 2.16 - -

Notes: *p value obtained by X?-test of four-fold table ®p value obtained by Stedent’s t-test.
Abbreviations: BMI, Body Mass Index. BSA, Body Surface Area. PASI, Psoriasis Area and Severity Index. SD, standard deviation.
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Figure 1 Quality control. Overlayed TICs of QC samples in negative mode (A) and positive mode (B). PCA score plots of psoriasis (green), healthy (red), and QC (blue)
samples in negative mode (C) and positive mode (D).

samples were well clustered together in both negative and positive ion modes, indicating that the LC-MS data acquisition
process was qualified. However, the psoriasis and healthy control groups cannot be distinguished in PCA. Moreover, the
two groups are significantly different in the PLS-DA analysis (Figure 2A and B). The models performance was evaluated
by monitoring its goodness of fit (R2) and predictive ability (Q2) values. To ensure the reliability of the model,
200 permutation tests were conducted on R2 and Q2, as showed in Figure 2C (positive) and 2D (negative). These
results provide a robust assessment of the model’s accuracy and predictive power. The VIP value of a metabolite is the
importance of a metabolite to the PLS-DA model, and represents the overall contribution of each metabolite to the
model.

A total of 3404 metabolites were identified and quantified after data pre-treatment. They included both endogenous
and exogenous (eg, food and drugs) metabolites. A total of 301 differentially expressed metabolites were selected by
statistical analysis between psoriasis and healthy control groups. These differentially expressed metabolites include lipids
(such as sphingolipids, glycerolipids, glycerophospholipids, lysophospholipids, steroids, fatty acyls, prenol lipids), amino
acids, carnitines, cholines, phenols and others, as shown in Table S1. Some of these differential metabolites have also

been described as biomarkers or hub metabolites.'®2%>!

Potential Biomarker Screening and Identification

All differential metabolites were used for univariate ROC analysis, and metabolites with an AUC > 0.8 were selected as
potential biomarker candidates. Then, metabolites of endogenous origin were selected from these potential candidate
biomarkers, and multivariate ROC analysis was performed using the support vector machine (SVM) model. Finally, 10
differential metabolites with an optimal AUC combination were selected as potential biomarkers, as shown in Table 2. In
the multivariate ROC analysis of the SVM model, the AUC of 10 metabolites in the training data set reached 0.989, and
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Figure 2 PLS-DA analysis. PLS-DA score plots from the healthy and psoriasis groups in (A) negative mode (R2 = 0.916, Q2 = 0.059) and (B) positive mode (R2 = 0.940, Q2
= 0.194). Validation plots were obtained from 200 permutation tests in (C) negative mode and (D) positive mode.

the 95% CI was 0.803—1 (Figure 3A). PCA analysis and hierarchical cluster analysis of 10 potential biomarkers can
clearly distinguish the two groups of samples (Figures 3B and C). The results of univariate ROC analysis for 10 potential
biomarkers are shown in Figure S1.

Metabolic Pathway Enrichment Analysis
Pathway enrichment analysis was performed using information from the KEGG database. The KEGG pathways with
p-value less than 0.05 were considered as significantly enriched pathways. The results showed that protein digestion and

Table 2 Potential Biomarkers

HMBD/KEGG ID | Name FC P-value VIP AUC Regulation
HMDBO0013228 Decanoylcholine 1.91 0.0151 2.49 0.84 Up
HMDB0060126 25-Hydroxyvitamin D3-26,23-lactone 1.59 0.0065 2.23 091 Up
HMDBO0010342 25-Hydroxyvitamin D2-25-glucuronide 1.46 0.0051 1.79 0.86 Up
Cl19641 Estrane 1.53 0.0054 1.67 0.86 Up
HMDBO006 1698 |-Stearoylglycerophosphoserine 1.38 0.0009 1.6l 0.88 Up
Cl14794 2,3-Dinor-8-iso prostaglandin F2alpha 1.21 0.0345 1.03 0.8 Up
HMDB0030254 3,4,5-trimethoxydihydrocinnamic acid 0.22 0.0068 3.86 0.81 Down
HMDBOOI | 170 Gamma-Glutamylisoleucine 0.57 0.0006 2.66 0.96 Down
HMDB0030984 2-Carboxy-4-decanolide 0.66 0.0018 1.92 0.89 Down
C00047 L-Lysine 0.78 0.0216 1.59 0.81 Down
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Figure 3 Biomarker analysis. (A), multivariate ROC curve analysis based on SVM model to distinguish the predictive power of the psoriasis group from the healthy group.
(B), principal component analysis of the psoriasis group and the healthy group based on 10 selected biomarkers. (C), hierarchical cluster analysis of 10 selected biomarkers.

absorption, biosynthesis of amino acids, valine, leucine and isoleucine degradation, valine, leucine and isoleucine
biosynthesis, aminoacyl-tRNA biosynthesis, sphingolipid metabolism, neuroactive ligand-receptor interaction, alpha-
linolenic acid metabolism, ABC transporters, biotin metabolism, mineral absorption and mTOR signaling pathways were
significantly enriched in patients (Figure 4A). These results suggest that these metabolic pathways may be involved in the
regulation of psoriasis. The differential metabolites in these pathways are closely related to psoriasis, especially amino
acids and lipids, which have been repeatedly reported to be involved in the process of psoriasis. A network map of
enriched metabolic pathways and differential metabolites was generated using Cytoscape software (Figure 4B). Among
them, C00123 (L-leucine), C00183 (L-valine), C00047 (L-lysine), C01120 (sphingosine 1-phosphate) and C06124
(sphingosinel-phosphate) connect multiple metabolic pathways, suggesting that these metabolites may be important
regulatory molecules of psoriasis.

Potential Topical Therapeutic Drug Targets Discovery

Currently, the main drug targets are proteins, such as receptor proteins, enzymes, and ion channels. In search of potential topical
therapeutic drug targets for psoriasis, we performed an interaction network analysis using differential metabolites with proteins
specifically expressed in the skin and involved in immune response, inflammatory response, or cellular proliferation (considered
as psoriasis-related proteins). Network analysis revealed that 14 proteins interacted directly with differential metabolites
(Figure 5) and could be potential targets for topical drugs. These proteins included receptors (NR3C1, ESR1, OPRMI,
CCRS, HTR1A, FASLG), enzymes (ERBB2, DPP4, HSD11B1, CASP8), and regulators (CFLAR, FADD, KRT18, POMC).
In addition, there were another 10 proteins that interacted with the above 14 proteins, which could also serve as indirect drug
targets. The total 24 interacting proteins are listed in Table S2. In contrast, there are 11 different metabolites that interact directly
with proteins. Among these metabolites, tamoxifen simultaneously interacts with 11 proteins and is a drug for the treatment of
hormone receptor-positive breast cancer. In 1996, Ferrari et al*® reported a case of psoriasis and advanced breast cancer in
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Figure 4 KEGG pathway enrichment analysis of differentially expressed metabolites. (A) is significantly enriched KEGG pathway. The X-axis represents the enrichment
factor (RichFactor), which represents the number of differential metabolites in each pathway divided by the number of all metabolites in that pathway. The Y-axis represents
the names of pathways that are significantly enriched. (B) is the network diagram of enrichment pathways and corresponding metabolites. The rectangle represents pathway,
and the oval represents the metabolites. Red represents the up-regulated metabolites in psoriasis, and blue represents the down-regulated metabolites in psoriasis.

a woman who was treated with tamoxifen for breast cancer and also effectively eliminated the psoriasis. Cortisol interacts with
five proteins and is a glucocorticoid secreted and released by the adrenal glands. Cortisol plays a number of important roles in
the body, including suppressing inflammation, regulating the stress response, metabolism, blood pressure and blood sugar.

Discussion

In this study, metabolomics based on UPLC-Q-TOF/MS technique was used to analyze the change of plasma metabolites
in patients with psoriasis and healthy control group. The results showed that there were significant differences in
metabolites between the two groups. Through univariate statistics and multivariate statistical analysis, 301 differentially
expressed metabolites were selected and 10 potential biomarkers were identified by ROC analysis, including vitamins,
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Figure 5 Metabolite-protein interaction network analysis. Rectangles represent proteins and ellipses represent metabolites, of which red represents the metabolites that
are up-regulated in psoriasis, blue represents the metabolites that are down-regulated in psoriasis, and green represents other substances that interact with the database.

amino acids, cholines, lipids, and so on, Pathway enrichment analysis of these differential metabolites was performed to
find the pathway significantly related to psoriasis. Some of these biomarkers are consistent with previous reports, such as
vitamins, amino acids and lipids.'®* 2

Vitamin D is synthesized in the epidermis of the skin and can also be absorbed through the diet. Evidence suggests
that vitamin D is involved in the regulation of the immune system and inflammatory processes, is closely related to
keratinocyte apoptosis, and is involved in skin barrier integrity.”**® Because of this ability, vitamin D plays an important
role in psoriasis. Previous studies have shown that patients with psoriasis have low vitamin D levels and treatment with
vitamin D derivatives can relieve their symptoms. Our result showed that 25-hydroxyvitamin D3-26,23-lactone and 25-
hydroxyvitamin D2-25-glucuronide, the vitamin D derivatives, were significantly higher in plasma of psoriasis patients
than in healthy controls. We hypothesized that vitamin D is rapidly metabolized in psoriasis due to its involvement in
immune and inflammatory responses, resulting in elevation of these two vitamin D derivatives. Therefore, its post-
metabolic products 25-hydroxyvitamin D3-26,23-lactone and 25-hydroxyvitamin D2-25-glucuronide can also be used as
potential biomarkers for the diagnosis of psoriasis. Excess 25-hydroxyvitamin D3-26,23-lactone and 25-hydroxyvitamin
D2-25-glucuronide indicates vitamin D deficiency, which may exacerbate the symptoms of psoriasis. Homeostasis is
achieved by the exchange of essential amino acids with non-essential amino acids and the transfer of amino groups from
oxidized amino acids to amino acid biosynthesis.?” Therefore, it is not surprising that we have found abnormalities in
plasma amino acid levels in psoriasis patients, especially lysine. The essential amino acid lysine, which contributes to the
stability of the extracellular matrix as an exogenous inhibitor of plasmin-induced proteolysis,”® has not yet been
identified as a potential biomarker for psoriasis. However, it has been widely used as a major component of dietary
supplements in the treatment of psoriasis.”®*° Disruption of amino acid metabolism may promote the development of

psoriasis by regulating the immune response via nitrogen levels in the body.*® Gamma-glutamyl dipeptide is a bioactive
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peptide involved in inflammation, oxidative stress, and glucose regulation. Gamma-glutamyl leucine has been widely
reported to be associated with the risk of metabolic diseases such as obesity, metabolic syndrome, and type 2 diabetes.”’
Additionally, gamma-glutamyl peptides have been identified as potential biomarkers for various diseases, including
cancer, diabetes, and liver diseases.’® In our results, we found that gamma-glutamylisoleucine, was significantly reduced
in psoriasis and may also be a potential biomarker for psoriasis. Lipids are the major components of the cell membrane
and are also involved in the regulation of cell proliferation, apoptosis, immunity, angiogenesis, inflammation, and other
biological processes.'®**3* Lipid disorders are a pathological feature of many diseases, including psoriasis, diabetes,
hypertension, cardiovascular disease, and other autoimmune diseases.'®*>° These lipids may further exacerbate
psoriasis by affecting lipid metabolism or cell composition Therefore, some lipids may serve as important biomarkers.
In this study, lipids showed significant differences between psoriasis patients and healthy groups, including 1-stearoyl-
glycerophosphoserine, estrane and 2.3-dinor-8-iso prostaglandin F2alpha. Among them, 1-stearoylglycerophosphoserine
was reported by Ribeiro et al*’ to be associated with sickle cell anaemia and is a putative biomarker for it. Estran is
a steroid hydrocarbon that is the basis of several female sex hormones, which is used as biomarkers in hormone-
dependent diseases such as breast/ovarian cancer, Turner’s syndrome, precocious puberty and so on.*® 2.3-dinor —8-iso
prostaglandin F2 alpha is a metabolite of prostaglandin F2 isomerase, which is a useful biomarker for human oxidative
status, and could potentially be used as a measurement of oxidative stress.*” In addition, this study found that
decanoylcholine, 2-carboxy-4-decanolide and 3,4,5-trimethoxydihydrocinnamic acid, which were first reported as poten-
tial specific biomarkers for psoriasis, were also significantly different. The relationship between them and the occurrence
and development of psoriasis remains unclear.

Metabolites are substrates and products in the metabolic process and are closely associated with specific phenotypes.
Not only can they be produced directly by the host organism or microorganisms, but they can also be ingested from
exogenous sources such as food. They are the basic functional substances that drive cells, such as energy production and
storage, signal transduction and apoptosis.*” Thus, the metabolome can be used not only to screen of biomarkers but also
the related metabolic pathways to improve our understanding of pathophysiology and disease mechanisms.***' In our
study, metabolic pathway enrichment analysis of differential metabolites was performed. The results showed that some
KEGG metabolic pathways were significantly enriched (P<0.05), including amino acid metabolism (including biosynth-
esis of amino acids, valine, leucine and isoleucine degradation or biosynthesis, aminoacyl-tRNA biosynthesis), protein
digestion and absorption, lipid metabolism (including alpha-linolenic acid metabolism and sphingolipid metabolism),
neuroactive ligand-receptor interaction, ABC transporters, biotin metabolism, mineral absorption, and mTOR signaling
pathway. Differential changes in amino acids indicate disruption of amino acid metabolic pathways, including biosynth-
esis of amino acids and valine, leucine and isoleucine degradation or biosynthesis. Previous studies have shown that
amino acid metabolism is essential for maintaining physiological concentrations of amino acids and nitrogen balance in
the body and has evolved to control immune responses, thus being involved in immune-related diseases such as psoriasis,
type 1 diabetes, multiple sclerosis, rheumatoid arthritis, and inflammatory bowel disease.’® In addition, our results
showed that the protein digestion and absorption pathway was significantly enriched, speculating that it regulates the
amino acid metabolism pathway by adjusting amino acid levels in patients with psoriasis. There is evidence that
sphingolipid metabolism and inflammatory signaling pathways regulate each other.** The pathogenesis of psoriasis is
also closely related to the inflammatory pathway.*> This suggests that sphingolipid metabolism is also involved in the
occurrence of psoriasis. Our results support the above point. In patients with psoriasis, dietary supplementation with a-
linolenic acid reduces activation of the T-cell signaling pathway, thereby significantly reducing proliferation and
abnormal differentiation of psoriatic keratinocytes.** When Chen et al*’ examined the miRNA-146a target gene in
psoriasis, the neuroactive ligand-receptor interaction pathway was found to be significantly enriched, and it was
speculated that this pathway is involved in the regulation of psoriasis progression. In this study, the pathway of
neuroactive ligand-receptor interaction was also significantly enriched, further suggesting that this pathway may be
involved in the regulation of psoriasis progression.

Psoriasis, as an immune-mediated inflammatory skin disease, primarily involves the processes of inflammation,
immune response, and cell proliferation. These processes are mediated by the interaction of numerous components,
including genes, proteins, and metabolites, which form a complex network.*® Network pharmacology-based drug-target
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interaction (DTI) has become a paradigm of drug discovery. Not only does it have the advantage of being inexpensive,
taking little time, and not relying on 3D structures of targets, but it can also be used in a variety of areas, such as drug
target prediction, new drug discovery, and elucidation of potential molecular mechanisms for therapeutic efficacy or drug
safety.*” Current topical drugs for the treatment of psoriasis primarily include corticosteroids, vitamin D derivatives,
glucocorticosteroids and calcineurin inhibitors.* Analysis of metabolite-protein interaction network revealed that 14
proteins, including receptors, enzymes, and regulators, interact directly with metabolites commonly used as drug targets.
ESRI, also known as estrogen receptor, is a nuclear hormone receptor involved in the regulation of cell proliferation,
differentiation, and eukaryotic gene expression. It is commonly used as a therapeutic target for breast cancer.*® Zeng
et al*’ found that ESRI1 is the hub gene in psoriasis as revealed by microarray gene expression profiles and is involved in
regulating apoptosis of psoriatic cells. OPRMI, known as the mu-type opioid receptor, is the main target of clinical
opioid analgesics.*® Kupczyk et al>® showed that imbalanced expression of OPRM1 in psoriasis may lead to disturbances
in neuro epidermal homeostasis, which could exacerbate itch. HSD11B1, or 11-beta-hydroxysteroid dehydrogenase 1, is
involved in corticosteroid receptor-mediated anti-inflammatory responses as well as homeostasis and metabolic pro-
cesses. Research by Sarkar et al’' has shown that HSD11B1 plays a critical role in the regulation of cortisol synthesis and
promotes the conversion of cortisone to cortisol, whereas cortisol, a glucocorticoid hormone, inhibits the inflammatory
response of psoriatic keratinocytes. Currently, HSD11B1 is being used as a drug target in 12 clinical trials, 4 discontinued
and preclinical drugs for the treatment of lupus, influenza virus infection, type 2 diabetes, metabolic disorders and so
on.*® Interestingly, the expression of ESRI, OPRMI and HSDI11BI proteins was down-regulated in patients with

psoriasis,* "

suggesting that activation or overexpression of these proteins may alleviate the symptoms of psoriasis.
Our network interaction analysis revealed that these three proteins interact with most different metabolites, so we
speculated that these three proteins are the most likely drug targets for the treatment of psoriasis. Activators of these three
proteins could be beneficial for the treatment of psoriasis.

With advances in understanding the pathophysiology of psoriasis, the discovery of new key molecules, and the
development of novel drugs and targets, treatment options for this disease have expanded significantly.'> However,
personalized therapy for psoriasis still faces challenges due to the unique disease characteristics of each individual
patient. Even in the same patient, psoriasis characteristics can vary widely.'® Therefore, it may be difficult to meet the
needs of patients with a single drug for the treatment of psoriasis and its complications. In this study, we selected
psoriasis patients with the same characteristics while searching for biomarkers and therapeutic targets by monitoring their
metabolite changes (which can provide real-time feedback on changes in the patient’s phenotype). This could open a new
potential avenue for early diagnosis and personalized, comprehensive treatment of specific diseases.

However, due to financial reasons, the sample size is not large, the representativeness of all results may have certain
defects. If funding for follow-on applications is sufficient, we will conduct further investigation and verification of
potential biomarkers and drug targets for screening, such as targeted quantitative verification with a large sample and
validation of animal models of disease. At the same time, the pathogenesis of psoriasis has not been explored extensively
enough. Follow-up should also incorporate various “omics” data, including genomics, transcriptomics, proteomics and
epigenomics, to explore the regulatory mechanism of psoriasis and provide a basis for personalized diagnosis and
treatment.

Conclusion

In summary, we identified 10 possible potential combinatorial biomarkers for psoriasis using metabolomics that can be
used for auxiliary diagnosis and clinical application. At the same time, 12 metabolic pathways were found to be
significantly involved in psoriasis regulation occurrence and development, deepening the understanding of disease
pathogenesis. Finally, Network pharmacology integrates network analysis identified three optimal possible potential
topical therapeutic targets. Therefore, it can provide more information on biochemical changes and metabolic alterations
for the study of psoriasis, which is of great importance for the comprehensive prevention and treatment of the disease.
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